Quarterly Status Report {o. 11

KASA Contract NASr-136

for the period

July '1, 1965 through séptémi:ér 30, 1965

1. Operation
In view of the power shortage aboard the S-49 satellite during the

period covered by this report, the radio beacon experiment could not be

turned on and consequently no mezsurements were made.

2. Data Anslysis

Technical Report No. 1, prepared under the present contract, entitled
"Eccentric Geophysical Observatory S»tellite S-49, Interpretation of the
Radio Beacon Bxperiment"”, (DA ROSA [19651) has been published and a copy
1s attached to this report. It descritess the details of the reduction
technique used to transform the raw data received from the two beacons
on the satellite into curves of ionospheric and esocpheric columnar

content vs. time.

At present twenty of the most useful Stanford runs as well zs two
from Athens have been completely reduced.

3. Results

A paper, the summary of which is attached, describes eome of The
experimental results from work donre under this contract. It will »e
read at the Second Symposium on Radic Astroncmical and-Satellite Swudies
of the Atmosphere in Boston, Massachusetts, on October 20, 1865. .

In order to better understand the phenomens that cecur in the dawmn
ionosphere and which reveal themselves through the date collected “rom
the S-49 redio propagation experiment, it was necessary to study the

theoretical time-dependent thermal behavior of the ioncspheric electron

b

gas. This problem leads to = cecond order, non-linear, partia

i

differentiel equation thzt was numerilcally integrated with a digitel

computar. Interesting resulis grere-obtalned, such a3 the vredictioa
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of the early moruing pesk in electron temperature observed experimentally.
This study will be included in a second technical report presently being

prepared.
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. RESULTE ¥ROM THE RADIO BEACOH EXPERIMGNT © =

.r O THE ORBITING GEOYEYSICAL GBSERVATCRY .

V. da Rosa, O, K, Garriott, Prad L. Smith, I'I and 8.0, Hall ;
-+ Radioscience Ladboratory, &tanford Univazeisy @0
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Xa.tiom; Bursau of stmmnrd_aﬁ Bouldez, (slczade R
" The. 8-49 satellite, launched on 5 Zentesber 1964, carzies & .

S

pair of xadio beacons operating at harmsnirally vilated fraquencise . .

- which permitted the simultanecus msasurems:t of oiluwnsr electron & |
.content by the differantial Dopplar Zrequenvy anZ the Peraday rota~ -
' tion angle techniques. - As it is wwll knowz. the Jiffsrense patwsea

these two messurements can be intazpreted ¢: the columpar aontent of

T the exosphere up to satellite height®, The very iccentric orbit of .
.. the sphcecraft with &n apoges of nserly 15¢,500 %u allowsd the 15T, Y
--vation of & good part of tho near swesphexe, : - -
__ The technique used in reducing ths reciived dita wes described i

3 Interpretation of the deZa leads to conciusic n in the ‘fgllﬁ% ¢

1

a - Dawn Exosphere Seven Ego rune striddlec the punriss.

" hours and in four of them tha exosphexs csntant shavnd a dehaviour

similar to the ona representsd by the 25 Marel., 96} curve in tas

‘_' figure, in which the nighttime columnar conter: was r2ry steady (the
- rise at the baginning of the run is due to the high :acaszion vele-

city of thée satellite, right after perigee). 's the 'un starts

: illuminating the higher atmosghere {zenithal a'gle of sagm 36 Aew Ij
» grees) beth the Doppler end Faraday contents (1o shon) start rig-' |
--ing mo that ths difference (sxosphure contant) somais scationary 'y

except for some emall oscillations, 2% & zen/chal angiy of zhout - K
87 degrees the Faraday content suddanly start: s deersiya snly tet
- rezums its climb scme 20 minutes later., Thae Dapnlar conant during -
thies period keeps a steady climk, resulting in = viry £ 1 growth

- of the axcsphere centant, which could be intizoretid gs . 20 .
into that region, of the order of 10° elacirume, 2,51 <1 whe
" delay bstween sunrise and the irnstant of ranid increase & o= -
- @phers contant varies from day to day, bein; as chor' 22 2. migputes -
‘in cna case and as lcng as 90 minvtes in =y ther. T Auss Jon of
the exosphere growth is also variszble bui ‘5 of the oydsr o 39 ‘
minutes, It may be that in the thraa dayt when this crowth &8 nes
‘cbeoxved, it was delayed beyond ihe pericd of obeervat' o wiia S
‘sometimes did not extend too fmr into thy nerming hours, I vieom %3
cbsarvations show that this “bresk® in ths Paredey contsr: .ul « ig
the rula rather then the sxceptisn, ' Thacreticsl models va 2%D. in,
. the phenomenon are still under study, - : { R
: It is ziso obsorved that irn seae £ ths mornings thers is 2
mar¥ed inorezse in the alad thickaess of the icacsphere due te & -
¥aduction in the value of Plou.. observed with ar ionosonde, Sluce’
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‘égé, Radio Beacon Experiment o V ;jéi

‘theoretical investigations show that the piaama tamparature cen in=’
! crease congiderably under the inflvence of the rising aum, bsioze v
gubstantial changes in the degres of jonlszation can occur, it 18 o

clear that the rssulting scale haight change may cause the available
ionization to flow up from the lower ioncdpheore thersby reducing the-
concantratiocn near the peak., _ . .
'~ b - Exosphere concentration - The chaerved changes irn columnar
electron content in the sxosphers 2s ssen from the Ege dats may be
‘due to one of the following features: : A .
: - The radial motion of the satellite which czuses an increas-;
.ing amount of ionization to be inciuded in the zay path, From this;
‘local concentrations could be Garived, ‘ ' oy
. = The tangential motion of the satellite which revaeals hori- =
gontal gradients in the exvesphere. . o
. ' = Temperal changesz in the exosphere., S
- In interpreting the dswn date it was assumed that the first two
effscte were negligible due to the smalier radial velocity when the
spacecraft is sevaral houxs out of perigse, combinad with the ex- -
' pected low local concentrations and Ly virtue of the swall angular
velocity of the zatellite. . ‘ _ :
Barly in the pass, specizily st night when only small temporal .
variations are expected, it is possible to attribute the columnayr |
content variations to the first two effects alona, Very large hor= .
izontal gradiants arc revealed by the Zact that, in many runs, the
exosphere content seems to decrease as the sztallite zises, due to
ths fact that,the excsphere.concentration is amuch larxger within the .
magnatic sheils defined by the position of the kaes than outsgide, - :
As the satellite appears o movs north when it rissg from pariges,
the ray path will intercept less and issz of this moxs densely pop- -
uizted volume of the exospihere and the chserved columnar content
decays, . -
i The gesmetry of the satellite motion is guch that in 2ertain ©
partz of certain runsg the affect of horizontal oradients i3 mini-
mized whilc there is still considereble radisl velocity. oSl ean-
‘centratiors can then ke inferred, Thie has not bsan done yet in
‘detail, an? for this rezson no values can be queted hava. i
¢ - liighttime F - Lavex The very gtesdy value of the night- o
time columnar contents saen in most of the Ego records suggested &
statistical investigat.on for which the very extansive catalog of
diwrnal voriations of olumnar ioncspheric Gcontents obtained from .
_Syncom ITL (GARRIOTT; SMITH and YUZN [1355)) war vsed, 2 total of
83 runs “rom Stanford znd 154 from Hawail were examinad &nd clagei- .
-fied as : ' o
- FLAT Rure i which thers is no perceptible changs in
columntr content bstwesn midnight and suenrise, ]
. - BEBCLINING Brig in which the content dediinsd monstonicalily
- RISING Fune in which the content riesd moroatonically. - o
.~ INREGULAR . Tune not in any of the above categorisy, -
.14 was found thit 52% of the Stunford zuls wewe *flat®
Cefdacliriag,® wheresas in H 2 invariued '
and 4% "desliining®l, T
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_E§§g;:§§did Beacon Experiment
”1psrxod fl 21 versus 1.66) while "Geclining” nights correaponded to |

lonosphere is maintained by 2 aoepaxation of the two processes wost -
" frequently proposed to explain the rhenomdnon: the appearance of '
- vertical drifts that reducs the affsetive rscombination rate ané ¢
. the downwerd flux of electrons from the protonocsrhere, That 2 R
nighttime source is required can bs sean from the exiatence of "ris- °

high average Kp (2,81}, Ko such e«ffect was Zound for Haweil. {
: . These results can be interpretad by 2zsuming that the nighttim&‘

ing” and *irregular® nightz {(irn ths latter, humps in the columnar
content ve, time curve, agpear fm@mntlyg HRHSOW [1964] computad
fluxez of the oxder of 10° elaectrong, cm™<, gec~) me necesarry for
the mezintenarnce of the nighttima i@ﬁ@ﬁ@h@re Czleulations made by
ANGERAMI and CARPENTER [1365] based on whistler @ata, yizld values
of tubular content of the protcnosphere {betwaern 1055 k= and the

equator) which, when extrapolated to tha latituds of Eawail and _ .-

stanfoxd indicate thet ons g@y expact contents of the caxder of LGi%
and 3 x 10+~ electrons, cm™ s Tegpectively, thess two siationg

The lcwer content ia cleariy insu ficient to maintsin the iav;zpﬁa &
for more than some two hours and ghould, &s it iz sctunlily cbesgwed, -
regult in nights in the “decliining® categcry At Ztanford “he con-
tent is larger and "flat” nights should be, and are more Fregusent,

CARPENTER [1962] obsexrved that the pre;oncspﬁer%c electron con-

centration inside the "knee" is depreszsed when therxre iz an increasad .
gecmzgnetic activity; this would explaiw the affect of Kp on the
Stanfoxd statisties, At Hawaii, even in a quiet night thers are

~in general not enocugh electronz in the protonospherae to surprly the

iocnosphere, so the gecmagnetic effect can not mske itself folt, In .

is to he expected, on the bacis of this theory, that for stetions

.with ionoapheric points at around L=3 or I~4 thers should be & sharp

Y, REGE BAMT ; J J and L,L, CARPENTER, to bg ;gkl
£ 2 LEY

change between “"flat" aznd "deslining® nights whan the Kp increases

the “knee" moves in, changing markedly the available a np?v sf ore-~
tenospheric electrons, v

SMIZTH {13260] obse*ved annual va Latiana in g“ctonza§3911” o

- centrations, This dppsars slsc 2 b3 zuofleocted in the present dats

by the fact the frequency of “fimt® nights at both Zawali ard Stan-
ford, diminiczhed by a fzctor of twe batween the aud ef 1964 snd the
middle of 1965, - _ : ‘ ‘
If the cauze of “declining® nightas is ths deplsticn of the ,
protonosphere at lovy latitudes and beyond the “knes”, thsn sne would
expect to find a morxe pronounced diurnzl variation in the protono~
erharic concentraticn at these latitudes than at %hasm _ﬁm dimtely

. ingide the “knes®, Thiz seamz to be, at least pavtly, ashsiantiated
by ANGEREMI and CARPENTER [1965]. ‘
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